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(54) METHOD AND APPARATUS FOR IDENTIFYING PLASTIC 



(57) A method for distinguishing a kind of plastic ma- 
terials, by preparing a test piece of a plastic material; 
measuring an infrared spectrum of the test piece by at- 
tenuated total reflection spectroscopy; and comparing 



the obtained infrared spectrum with an infrared spec- 
trum of a known plastic. The test piece has a section. 
The infrared spectrum of the test piece is measured by 
bringing the crystal for attenuated total reflection spec- 
troscopy into contact with the section of the test piece. 
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Description 

Technical Field 

[0001] The present invention relates to a method for 
distinguishing plastics for distinguishing a kind of plastic 
material easily, speedily and with high precision, and an 
apparatus therefore. 

Background Art 

[0002] Recently, from the viewpoint of environmental 
protection and pollution control, there is a demand for 
reducing waste by promoting the use of recycled re- 
sources. In particular, since plastics are used for various 
applications of use, for example, household electrical 
appliances, automobiles, construction materials, etc., it 
is very important to promote the use of plastics as recy- 
cled resources. 

[0003] In order to promote the recycling of plastics, 
firstly, it is necessary to distinguish the kind of waste 
plastics. Conventionally, as a method for distinguishing 
a kind of plastics, a near infrared spectroscopy and an 
infrared spectroscopy have been employed because of 
their abilities for highly precise analysis. An example of 
a general technique for such a spectroscopy includes a 
dispersed reflection method and a transmission meth- 
od. However with such techniques, if the plastic to be 
tested is black all of near infrared rays and infrared rays 
are absorbed by plastics, so that necessary spectra can- 
not be obtained. Consequently, it was impossible to dis- 
tinguish plastics. 

[0004] As a method for distinguishing such plastics, 
the attenuated total reflection spectroscopy (hereinafter 
"ATR" will be referred to) is known. In this method, a 
sample having a low refractive index is brought into 
close contact with a crystal having a high refractive in- 
dex; infrared rays are allowed to be incident in the inter- 
face between the crystal and the sample at an angle that 
is larger than the angle for causing a total reflection (crit- 
ical angle); and the incident infrared rays are allowed to 
be reflected at the interface, and thereafter the reflected 
spectrum is measured. 

[0005] By employing this ATR, every plastic material 
including a black-color sample can be distinguished with 
high precision. However, if the ATR is employed, in order 
to bring the sample into conjact with the crystal, it was 
necessary to carry out sampling so that the sample has 
substantially the same area as the area of the surface 
of the crystal (for example, about 5 mm X about 20 mm) 
and the sample can be brought into contact with the en- 
tire crystal, and also necessary to shave the entire sur- 
face of the test piece so that an error in distinguishing 
is not caused by the influence of impurity or a surface 
treatment agent (for example, coating, plating, etc.) at- 
tached to the surface of the test piece. Thus, conven- 
tionally, in order to carry out the measurement by the 
ART, the test piece having a relatively large area was 



required. Furthermore, it was necessary to shave the 
entire surface of the test piece, and thus it took much 
time and efforts to prepare test pieces. In particular, for 
the purpose of recycling, continuous processing of a 
5 large amount of plastic materials is required, and thus 
the plastic materials are required to be distinguished 
simply and speedily. Therefore, the above-mentioned 
conventional method in which the preparation and pre- 
treatment of test piece are required was not practical. 

10 

DISCLOSURE OF THE INVENTION 

[0006] It is an object of the present invention to pro- 
vide a method capable of preparing test pieces in a short 
15 time and easily and distinguishing plastic materials sim- 
ply, speedily and with high precision, and an apparatus 
therefore. 

[0007] In order to achieve the above-mentioned ob- 
ject, a first method for distinguishing plastics of the 

20 present invention includes preparing a test piece of a 
plastic material; measuring an infrared spectrum of the 
test piece by attenuated total reflection spectroscopy; 
and comparing the obtained infrared spectrum with an 
infrared spectrum of a known plastic, thereby distin- 

25 guishing a kind of plastic materials, wherein the test 
piece has a section and the infrared spectrum of the test 
piece is measured by bringing a crystal for attenuated 
total reflection spectroscopy into contact with the sec- 
tion of the test piece. 

30 [0008] With such a method, since a section of the test 
piece is a surface to be measured, the kind of plastic 
material can be distinguished with high precision without 
the influence of a surface treatment agent and impurity, 
etc. In addition, in this method, the test piece can be 

35 prepared easily by cutting and a particular pre-treatment 
for removing the surface treatment agent or impurity is 
not required. Therefore, the test piece can be prepared 
speedily and simply, and it is possible to distinguish 
plastic materials speedily and simply. 

40 [0009] In the above-mentioned first method, it is pref- 
erable that the test piece is prepared by cutting the plas- 
tic material with a punching machine, a shearing ma- 
chine, a band saw machine, orthe like. With such a pref- 
erable example, it is possible to prepare test pieces 

45 speedily and simply. 

[0010] In the above-mentioned first method, it is pref- 
erable that the infrared spectrum of the test piece is 
measured by bringing the crystal into contact with a part 
of the section corresponding to the inside portion of the 

50 plastic material and with a part of the section corre- 
sponding to the surface portion of the plastic material, 
the infrared spectrum obtained in the part corresponding 
to the inside portion of the plastic material is compared 
with the infrared spectrum of the known plastic, thereby 

55 distinguishing a kind of plastics constituting the test 
piece, and the infrared spectrum obtained in the part 
corresponding to the surface portion of the plastic ma- 
terial is compared with the infrared spectrum of the 
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known plastic, surface treatment agent and impurity, 
thereby detecting the surface treatment agent and im- 
purity attached to the test piece. 

[0011] Note here that "a surface treatment agent" to 
be tested indicates a material attached to the surface of 5 
plastics for surface-treating plastic. Examples of the sur- 
face treatment agent include, for example, a coating ma- 
terial, a plating material, etc. Furthermore, an example 
of the impurity includes, for example, dust. 
[0012] Furthermore, "detection of the surface treat- 
ment agent and impurity" includes detection of the pres- 
ence or absence of the surface treatment agent and im- 
purity as well as detection of the kind (component) and 
the amount of the surface treatment agent and impurity 
that are attached if any surface treatment agent and im- 
purity are present. 

[0013] Furthermore, "a part of the section corre- 
sponding to the surface portion of the plastic material" 
means the part corresponding to the surface layer of the 
plastic materia! before sampling. For example, a portion 
having a thickness of 0 to 0.3 mm from the surface is 
included in the surface layer of the plastic material. Fur- 
thermore, "a part of the section corresponding to the in- 
side portion of the plastic material" means the part cor- 
responding to the portion of the plastic excluding the 
above-mentioned surface layer. 

[001 4] With this preferable example, not only the kind 
of the plastic material but also the surface treatment 
agent and impurity attached to the surface can be de- 
tected. For example, when plastic materials are recy- 
cled, if the surface treatment agent and impurity at- 
tached to the plastic materials can be detected, it is pos- 
sible to select the suitable method for removing the sur- 
face treatment agent and impurity based on the detec- 
tion result, thus promoting recycling efficiency. 
[0015] In the above-mentioned first method, it is pref- 
erable that the infrared spectrum of the test piece is 
measured by bringing the crystal into contact with the 
section of the test piece and with a part of the test piece 
other than the section, the infrared spectrum obtained 
in the section is compared with the infrared spectrum of 
the known plastic, thereby distinguishing a kind of plas- 
tics constituting the test piece, and the infrared spectrum 
obtained in the part other than the section is compared 
with the infrared spectrum of the known plastic, surface 
treatment agent and impurity, thereby detecting the sur- 
face treatment agent and impurity attached to the test 
piece. 

[0016] Also with this preferable example, not only the 
kind of plastic material but also the surface treatment 
agent and impurity attached to the surface can be de- 
tected. 

[0017] In order to achieve the above-mentioned ob- 
ject, a second method for distinguishing plastics of the 
present invention includes preparing a test piece of a 
plastic material, measuring an infrared spectrum of the 
test piece by attenuated total reflection spectroscopy, 
and comparing the obtained infrared spectrum with an 



infrared spectrum of a known plastic, thereby distin- 
guishing a kind of plastic materials, wherein the infrared 
spectrum of the test piece is measured by applying pres- 
sure to the surface of the test piece, forming a concave 
portion on the surface of the test piece subjected to pres- 
sure and bringing the concave portion into contact with 
the crystal for attenuated total reflection spectroscopy. 
[001 8] In such a method, a concave portion is formed 
by presswork on the surface of the test piece and the 
infrared spectrum is measured on the inside surface of 
this concave portion. Therefore, even in the case where 
the surface treatment agent and impurity are attached 
to the plastic material, in the surface to be measured, 
the surface treatment agent and impurity are reduced 
or removed. Therefore, with reduced influence of the 
surface treatment agent and impurity, it is possible to 
distinguish a kind of plastic materials constituting the 
subject to be tested precisely. Furthermore, in this meth- 
od, since the test piece can be prepared by cutting and 
presswork for a relatively short time and easily, it is pos- 
sible to distinguish plastic materials speedily and simply. 
[0019] Note here that "concave portion" includes not 
only a concave portion formed by plastic itself constitut- 
ing a test piece, which has been deformed by pressure, 
but also a concave portion formed by partially reducing 
or removing the surface treatment agent or impurity. 
[0020] In the second method, it is preferable that the 
infrared spectrum of the test piece is measured by bring- 
ing the crystal into contact with the concave portion of 
the test piece and with a part of the test piece in which 
the concave portion is not formed, the infrared spectrum 
obtained in the concave portion is compared with the 
infrared spectrum of the known plastic, thereby distin- 
guishing the kind of plastic constituting the test piece; 
and the infrared spectrum obtained in the part in which 
the concave portion is not formed is compared with the 
infrared spectrum of the known plastic, surface treat- 
ment agent and impurity, thereby detecting the surface 
treatment agent and impurity attached to the test piece. 
[0021] With this preferable example, not only the kind 
of plastic materia! but also the surface treatment agent 
and impurity attached to the surface can be detected. 
[0022] In order to achieve the above-mentioned ob- 
ject, a third method for distinguishing plastics of the 
present invention includes preparing a test piece of a 
plastic material, measuring an infrared spectrum of the 
test piece by attenuated total reflection spectroscopy, 
and comparing the obtained infrared spectrum with an 
infrared spectrum of a known plastic, thereby distin- 
guishing the kind of plastic material, wherein the infrared 
spectrum of the test piece is measured in a state in 
which a crystal for attenuated total reflection spectros- 
copy is brought into contact with the test piece, and a 
concave portion is formed in a part of the test piece be- 
ing in contact with the crystal by the contact pressure 
between the test piece and the crystal. 
[0023] With such a method, pressure is applied to a 
contact portion (that is, a surface to be measured) be- 
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tween the test piece and the crystal, so that a concave 
portion is formed. Therefore, even if the surface treat- 
ment agent and impurity are attached to the plastic ma- 
terial, in the surface to be measured, the surface treat- 
ment agent and impurity are reduced or removed. 
Therefore, with reduced influence of the treatment agent 
and impurity, it is possible to distinguish the kind of plas- 
tic material precisely. Furthermore, in this method, since 
the test piece can be prepared easily by cutting, it is pos- 
sible to distinguish plastic materials speedily and simply. 
[0024] In the third method, it is preferable that the in- 
frared spectrum of the test piece is measured in a state 
in which the concave portion is formed in the part of the 
test piece being in contact with the crystal and in a state 
in which the concave portion is not formed in the part of 
the test piece being in contact with the crystal, the infra- 
red spectrum obtained in a state in which the concave 
portion is formed is compared with the infrared spectrum 
of the known plastic, thereby distinguishing the kind of 
plastic constituting the test piece, and the infrared spec- 
trum obtained in a state in which the concave portion is 
not formed with the infrared spectrum of the known plas- 
tic, surface treatment agent and impurity, thereby de- 
tecting the surface treatment agent and impurity at- 
tached to the test piece. 

[0025] With this preferable example, not only the kind 
of plastic material but also the surface treatment agent 
and impurity attached to the surface can be detected. 
[0026] In the above-mentioned first to third methods, 
it is preferable that at least a part of the surface of the 
crystal is spherical and that the spherical part is brought 
into contact with the test piece. With such a preferable 
example, the test piece can be brought into contact with 
the crystal in a minute point. Thus, it is possible to meas- 
ure the portion of the test piece to be measured with 
high precision even if it has a relatively small area. 
[0027] Furthermore, in the first to third methods, an 
example of the plastic material to be tested includes, for 
example, a waste plastic. 

[0028] In order to achieve the above-mentioned ob- 
ject, a first plastic distinguishing apparatus of the 
present invention includes a measurement part (includ- 
ing a crystal for attenuated total reflection spectroscopy 
and an infrared spectrometer) for measuring an infrared 
spectrum of a test piece of a plastic material by attenu- 
ated total reflection spectroscopy, a holding part for 
holding the test piece in a st£te in which the test piece 
is brought into contact with thecrystal, and a distinguish- 
ing part for comparing the infrared spectrum of the test 
piece with the infrared spectrum of the known plastic, 
wherein the holding part holds the test piece having a 
section in a state in which this section is brought into 
contact with the crystal. 

[0029] By using such an apparatus, it is possible to 
carry out the first method of the present invention effi- 
ciently 

[0030] It is preferable that the first apparatus further 
includes a cutting part for preparing the test piece by 



cutting the plastic material. It is advantageous because 
a test piece can be prepared further speedily and simply. 
An example of the cutting part includes one provided 
with ; for example, a punching machine, a shearing ma- 
5 chine, or a band saw machine. 

[0031] Furthermore, in the first apparatus, it is prefer- 
able that the holding part holds the test piece in a state 
in which a part of the section corresponding to the inside 
portion of the plastic material is brought into contact with 
10 the crystal and in a state in which a part of the section 
corresponding to the surface portion of the plastic ma- 
terial is brought into contact with the crystal; the meas- 
urement part measures an infrared spectrum of the test 
piece in the part corresponding to the inside portion of 
15 the plastic material and in. the part corresponding to the 
surface portion of the plastic material; the distinguishing 
part compares the infrared spectrum obtained in the part 
corresponding to the inside portion of the plastic mate- 
rial with the infrared spectrum of the known plastic, 
thereby distinguishing the kind of plastic constituting the 
test piece, and compares the infrared spectrum ob- 
tained in the part corresponding to the surface portion 
of the plastic material with the infrared spectrum of the 
known plastic, surface treatment agent and impurity, 
thereby detecting the surface treatment agent and im- 
purity attached to the test piece. 

[0032] With such a preferable example, not only the 
kind of plastic material but also the surface treatment 
agent and impurity attached to the surface can be de- 
tected. 

[0033] Furthermore, in the first apparatus, it is prefer- 
able that the holding part holds the test piece in a state 
in which the section of the test piece is brought into con- 
tact with the crystal and in a state in which a part of the 
test piece other than the section is brought into contact 
with the crystal; the measurement part measures the in- 
frared spectrum of the test piece in the section and in 
the part other than the section; the distinguishing part 
compares the infrared spectrum obtained in the section 
with the infrared spectrum of the known plastic, thereby 
distinguishing the kind of plastic constituting the test 
piece, and compares the infrared spectrum obtained in 
the part other than the section with the infrared spectrum 
of the known plastic, surface treatment agent and impu- 
rity, thereby detecting the surface treatment agent and 1 
impurity attached to the test piece. 
[0034] Also with this a preferable example, not only 
the kind of plastic material but also the surface treatment 
agent and impurity attached to the surface can be de- 
tected. 

[0035] In order to achieve the above-mentioned ob- 
ject, a second plastic distinguishing apparatus of the 
present invention includes a processing part for forming 
a concave portion on a surface of a test piece of a plastic 
material by applying pressure to the surface of the test 
piece, a measurement part (including a crystal for atten- 
uated total reflection spectroscopy and an infrared spec- 
trometer) for measuring an infrared spectrum of the test 
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piece by attenuated total reflection spectroscopy, a 
holding part for holding the test piece in a state in which 
the test piece is brought into contact with the crystal, 
and a distinguishing part for comparing the infrared 
spectrum of the test piece and an infrared spectrum of 
a known plastic, wherein the holding part holds the test 
piece in a state in which the crystal is brought into con- 
tact with the concave portion formed in the processing 
portion. 

[0036] By using such an apparatus, it is possible to 
carry out the second method of the present invention 
efficiently. 

[0037] Furthermore, in the second apparatus, it is 
preferable that the holding part holds the test piece in a 
state in which the crystal is brought into contact with the 
concave portion of the test piece and in a state in which 
the crystal is brought into contact with a part of the test 
piece in which the concave portion is not formed; the 
measurement part measures an infrared spectrum of 
the test piece in the concave portion and the part in 
which the concave portion is not formed; the distinguish- 
ing part compares the infrared spectrum measured in 
the concave portion with the infrared spectrum of the 
known plastic, thereby distinguishing the kind of plastic 
constituting the test piece, and compares the infrared 
spectrum measured in the part in which the concave 
portion is not formed with the infrared spectrum of the 
known plastic, surface treatment agent and impurity, 
thereby detecting the surface treatment agent and im- 
purity attached to the test piece. 

[0038] With such a preferable example, not only the 
kind of plastic material but also the surface treatment 
agent and impurity attached to the surface can be de- 
tected. 

[0039] In order to achieve the above-mentioned ob- 
ject, a third plastic distinguishing apparatus of the 
present invention includes a measurement part (includ- 
ing a crystal for attenuated total reflection spectroscopy 
and an infrared spectrometer) for measuring an infrared 
spectrum of the test piece of the plastic material by at- 
tenuated total reflection spectroscopy, a holding part for 
holding the test piece in a state in which the test piece 
is brought into contact with the crystal, a contact pres- 
sure control part for controlling the contact pressure be- 
tween the test piece and the crystal, and a distinguishing 
part for comparing the infrared spectrum of the test 
piece with the infrared spectrum of the known plastic, 
wherein the contact pressure control part controls the 
contact pressure between the test piece and the crystal 
to be such a pressure that a concave portion is formed 
in a part of the test piece being in contact with the crystal. 
[0040] By using such an apparatus, it is possible to 
carry out the third method of the present invention effi- 
ciently. 

[0041] Furthermore, in the third apparatus, it is pref- 
erable that the contact pressure control part controls the 
contact pressure to be such a pressure that the concave 
portion is formed in the part of the test piece being in 



contact with the crystal and to be such a pressure that 
the concave portion is not formed, the measurement 
part measures an infrared spectrum of the test piece in 
a state in which the concave portion is formed and in a 
5 state in which the concave portion is not formed, the dis- 
tinguishing part compares the infrared spectrum meas- 
ured in a state in which the concave portion is formed 
with the infrared spectrum of the known plastic, thereby 
distinguishing the kind of plastic constituting the test 
piece; and compares the infrared spectrum measured 
in a state in which the concave portion is not formed with 
the infrared spectrum of the known plastic, surface treat- 
ment agent and impurity, thereby detecting the surface 
treatment agent and impurity attached to the test piece. 
[0042] With such a preferable example, not only the 
kind of plastic materials but also the surface treatment 
agent and impurity attached to the surface can be de- 
tected. 

[0043] In the first to third apparatus, it is preferable 
that at least a part of the surface of the crystal is spher- 
ical and that the spherical part is brought into contact 
with the test piece. It is advantageous because high pre- 
cise measurement can be carried out even if the test 
piece has a relatively small area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] 

Figure 1 is a perspective view showing a plastic dis- 
tinguishing apparatus according to a first embodi- 
ment of the present invention. 
Figure 2 is a perspective view showing an example 
of a cutting machine of a cutting portion. 
Figure 3 is a cross-sectional view showing an ex- 
ample of a test piece. 

Figure 4 is a cross-sectional view to explain a meth- 
od for distinguishing plastics according to a second 
embodiment of the present invention, showing a 
state in which a test piece is brought into contact 
with a crystal for measuring an infrared spectrum. 
Figure 5 is a cross-sectional view showing another 
example of a test piece. 

Figures 6A to 6C are cross-sectional views to ex- 
plain a method for distinguishing plastics according 
to a third embodiment of the present invention, 
showing a state in which the end of a section of a 
test piece is brought into contact with a crystal (see 
Figures 6A and 6B) and a state in which the center 
of the section of a test piece is brought into contact 
with a crystal (see Figure 6C) for measuring an in- 
frared spectrum. 

Figure 7 is a cross-sectional view to explain one ex- 
ample of a method for distinguishing plastics ac- 
cording to a fourth embodiment of the present in- 
vention, showing a state in which a test piece is 
brought into contact with a crystal for measuring an 
infrared spectrum in the second measurement step. 
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Figures 8A and 8B are cross-sectional views to ex- 
plain a method for distinguishing plastics according 
to a fifth embodiment of the present invention., 
showing a state in which a test piece is brought into 
contact with a crystal (see Figure 8A) and a state in 
which a concave portion is formed in the surface of 
the test piece (see Figure 8B) for measuring an in- 
frared spectrum. 

Figures 9A to 9C are cross-sectional views to ex- 
plain a method for distinguishing plastics according 
to a sixth embodiment of the present invention, 
showing a state in which a concave portion is 
formed in the surface of the test piece (see Figure 
9A and 9B) and a state in which the surface of the 
test piece is brought into contact with the crystal 
(see Figure 9C). 

BEST MODE OF CARRYING OUT THE INVENTION 

(First Embodiment) 

[0045] The following is an example for a structure of 
a plastic distinguishing apparatus of the present inven- 
tion. Figure 1 is a perspective view showing one exam- 
ple of a configuration of the plastic distinguishing appa- 
ratus. 

[0046] This plastic distinguishing apparatus includes 
a cutting part 1 , a holding part 4, a measurement part 
10 and a distinguishing part 11 as main component el- 
ements. 

[0047] The cutting part 1 is a part for preparing a test 
piece by cutting a plastic material 1 6 to be tested. In the 
apparatus shown in Figure 1 , as a cutting part 1 , a robot 
(first robot) provided with a cutting machine 2 at the tip 
of the arm 3 is used. This first robot has also a function 
of carrying the obtained test piece to a test piece stand 
13. 

[0048] It is preferable that the cutting machine 2 can 
realize cutting with a cutters Furthermore, it is preferable 
that the cutting machine 2 cuts a subject (plastic mate- 
rial) by cutting not with a reciprocating shear but with 
one-way movement of the cutter. Examples of such a 
cutting machine 2 include, for example, a punching ma- 
chine such as a punch press, a shearing machine such 
as a shear, a pincher, scissors, etc., a band saw ma- 
chine, etc. 

[0049] Figure 2 is a perspective view showing an ex- 
ample of a structure of a cutting machine 2. This cutting 
machine 2 is provided with a die 21 , a punch 22 and a 
press mechanism (including a handle 24 and a toggle 
23) for moving the punch 22. This cutting machine 2 can 
cut the plastic material 16 into a desired shape by dis- 
posing the plastic material 1 6 with the die 21 , operating 
the toggle by pushing the handle 24 and punching the 
plastic material 16 with the punch 22. 
[0050] The holding part 4 is a part for holding a test 
piece and disposes it on the measurement part in a pre- 
determined state (a way of setting the test piece will be 



explained later). In the apparatus shown in Figure 1 , as 
the holder part 4, a robot (second robot) provided with 
a band 5 at the tip of the arm 6 is used. This band 5 is, 
for example, a gripper type hand, a multi-finger / multi- 
5 articulation hand. 

[0051] The measurement part 10 is a part for meas- 
uring an infrared spectrum of a test piece. This meas- 
urement part 10 includes a crystal 8, a test piece press- 
ing mechanism 7 and an infrared spectrum measure- 
10 ment device 9. 

[0052] The crystal 8 is transparent and is not absorp- 
tive with respect to the infrared region, and has a refrac- 
tive index that is higher than that of a plastic material to 
be tested. As materials for such a crystal, it is possible 
15 to use well-known material as a crystal that can be used 
for the ATR. An example of such a material includes, for 
example, Ge, Si, ZnSe, KRS-5 (a mixed crystal of thal- 
lium bromide and thallium iodide), etc. 
[0053] Furthermore, this crystal 8 has a spherical sur- 
face in at least a part of the surface and is disposed so 
that the test piece is brought into contact with the spher- 
ical surface when measurement is carried out. The 
shape of the crystal 8 is designed so that light entering 
the crystal is converged into the spherical part of the 
crystal where the test piece is brought into contact and 
further into a contact portion between the spherical part 
and the test piece. 

[0054] The test piece pressing mechanism part 7 in- 
cludes a pressing rod 7b for pressing the test piece onto 
the crystal 8 and a pressing mechanism part 7a for mov- 
ing the pressing rod 7b. It is preferable that the pressing 
mechanism part 7a can control the pressure freely so 
as to change the contact pressure between the test 
piece and the crystal. For example, it may be a hydraulic 
cylinder, etc. Furthermore, it is preferable that the test 
piece pressing mechanism part 7 includes a pressure 
detection mechanism part for detecting the contact 
pressure between the test piece and the crystal and a 
pressure control mechanism for controlling the pressing 
mechanism based on the data detected by the pressure 
detection mechanism. With such an apparatus, the con- 
tact pressure between the test piece and the crystal can 
be set within the predetermined range by operating the 
pressing mechanism part so as to bring the test piece 
into close contact with the crystal by a pressing rod; de- 
tecting the contact pressure between the test piece and 
the crystal in the pressure detection mechanism part; 
and further operating the pressing mechanism part to 
move the pressing rod up and down appropriately by the 
pressure control portion when the detected contact 
pressure is out of the set range, 

[0055] The infrared spectrum measurement device 9 
includes an infrared light source, an optical system for 
leading light from the light source to the crystal (prefer- 
ably : this system includes an incident angle control por- 
tion for controlling the incident angle of light with respect 
to the interface between the test piece and the crystal), 
an optical system for leading light reflected from the in- 
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terface to a spectrometer, and a spectrometer for de- 
tecting the reflected light and measuring the spectrum 
thereof. Furthermore, the infrared spectrum measure- 
ment device may use a Fourier transform spectroscopy. 
[0056] The distinguishing part 1 1 is a part for compar- 
ing the infrared spectrum of the test piece and the infra- 
red spectrum of the known plastic. This distinguishing 
part 11 includes a first memory part in which the infrared 
spectrum of the test piece obtained in the measurement 
part 1 0 (hereinafter, also "spectrum of unknown sample" 
will be referred to) is recorded, and a second memory 
part in which infrared spectra of the various kinds of 
known plastics are recorded. In addition, it is preferable 
that the infrared spectrum of the known surface treat- 
ment agent and impurity is recorded in the second mem- 
ory part (hereinafter, the infrared spectrum of the known 
plastic, known surface treatment agent and impurity al- 
so will be referred to as "spectrum of known sample"). 
[0057] As the spectrum of known sample, for exam- 
ple, prior to testing plastic material to be tested, the in- 
frared spectra of the known plastic, surface treatment 
agent and impurity are measured by the plastic distin- 
guishing apparatus, and this can be used by recording 
it in the second memory part. 

[0058] Furthermore, the distinguishing part 11 in- 
cludes a detection part for comparing the spectrum of 
unknown sample recorded in the first memory part and 
the spectrum of known sample recorded in the second 
memory part, thus detecting the spectrum of known 
sample corresponding to the spectrum of unknown sam- 
ple. 

[0059] Note here that in the apparatus shown in Fig- 
ure 1 , the measurement part 1 0 and the distinguishing 
part 11 are incorporated in or attached to the apparatus 
main body 12. 

[0060] Furthermore, it is preferable that the plastic 
distinguishing apparatus includes a pallet 14 and a con- 
veyor 1 5 for carrying a subject to be tested to a place 
where the subject can be processed by the cutting por- 
tion. 

(Second Embodiment) 

[0061] Next an example of the method for distin- 
guishing the kind of plastic by the use of the above-men- 
tioned plastic distinguishing apparatus will be explained. 
[0062] Firstly, the plastic material 1 6 to be tested (for 
example, a waste plastic) is disposed on the pallet 14 
and the conveyor 1 5 is operated, thus carrying the plas- 
tic material 1 6 to a place where it can be cut by the first 
robot 1 (that is, the cutting portion). 
[0063] Subsequently, the first robot 1 is operated and 
a part of the plastic material 16 is cut by a cutting ma- 
chine 2 attached to the tip thereof, thereby preparing a 
test piece. Note here that the shape and the size of the 
test piece is not particularly limited insofar as the-test 
piece can be held by the second robot (that is, a holding 
part 4). 



[0064] Figure 3 is a cross-sectional view showing an 
example of the test piece. In the test piece 30 shown in 
Figure 3, on one surface of the plastic material 30a, a 
surface treatment agent 30b and impurity 30c are at- 
tached and on the other surface, impurity 30c is at- 
tached. Note here that in Figure 3, reference numeral 
30d denotes a section formed by cutting for preparing 
the test piece. 

[0065] Next, the first robot 1 is operated and the pre- 
pared test piece is disposed on the test piece stand 21 3. 
Then, the second robot 4 is operated, grasping the test 
piece by a hand 5 attached to the tip thereof. Further- 
more, the second robot 4 is operated and the test piece 
is disposed on the crystal 8 of the measurement part 1 0 , 
followed by operating the test piece pressing mecha- 
nism 7 to press the test piece onto the crystal 8. 
[0066] At this time, as shown in Figure 4, the test piece 
30 is disposed on the crystal 8 so that the section 30d 
formed by cutting for preparing the test piece is brought 
into contact with the crystal 8. By operating the test piece 
pressing mechanism in this state, the test piece 30 can 
be pressed by the pressing rod 7b and the section 30d 
of the test piece 30 can be brought into close contact 
with the crystal 8. Note here that the contact pressure 
between the test piece 30 and the crystal 8 at this time 
is not particularly limited but it is, for example, 1 MPa to 
100 MPa. 

[0067] Subsequently, as shown in Figure 4, an infra- 
red light 31 (wave number: for example, 400 to 5000 
cm -1 ) is made incident in the interface between the test 
piece 30 and the crystal 8 and is reflected from the in- 
terface, followed by measuring the reflected spectrum. 
Thus, the infrared spectrum of the test piece is obtained. 
Note here that the incident angle of the infrared light 31 
respect to the interface is set so that if the test piece is 
not absorptive, total reflection occurs. 
[0068] Note here that in the example shown in Figure 
4, the infrared light is led to a reflective mirror 33 by an 
optical fiber 32, and reflected herein and enters^the in- 
terface. Furthermore, the infrared light reflected at the 
interface is reflected by a reflection mirror 34 and enters 
an optical fiber 35, and is introduced into the spectro- 
scope by this optical fiber 35. 

[0069] Then, in the distinguishing portion 11 , the ob- 
tained infrared spectrum of thetest piece and the infra- 
red spectrum of the known plastic are compared and the 
infrared spectrum corresponding to the infrared spec- 
trum of the test piece is extracted from among the infra- 
red spectra of the known plastics, thereby distinguishing 
the kind of plastic constituting the test piece. 
[0070] As mentioned above, in the above-mentioned 
method, the infrared spectrum is measured by bringing 
the crystal into contact with the section of the test piece. 
Even if a surface treatment agent or impurity is attached 
to the surface of a subject to be tested, as shown in Fig- 
ure 3, a plastic material is exposed to the section of the 
test piece without fail. Therefore, by measuring the in- 
frared spectrum in this section, the kind of the plastic 
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material constituting the subject to be tested can be dis- 
tinguished exactly without the influence of the surface 
treatment agent and impurity. Furthermore, since the 
measurement is carried out in a state in which the test 
piece is prepared by cutting and the crystal is brought 
into contact with the section, it is not necessary to pre- 
liminarily treat the test piece for removing a surface 
treatment agent and impurity. Therefore, it is possible to 
distinguish plastics speedily and simply. 

(Third Embodiment) 

[0071] Furthermore, in the distinguishing method ac- 
cording to the second embodiment, it is preferable that 
the infrared spectrum is measured in a plurality of places 
in the section of the test piece. In this case, an infrared 
spectrum is measured in the central part of the section 
(corresponding to the inside of the subject to be tested) 
and the end of the section (corresponding to a surface 
layer portion of the subject to be tested), respectively. 
[0072] In the end of the section, when the surface 
treatment agent or impurity is attached to the surface of 
the subject to be tested, the layers of these surface treat- 
ment agent and impurity are exposed. In particular, as 
the plastic material that is the subject to be tested is cut 
by a cutter in a cutting part and this cutting is carried out 
not with a reciprocating shear but by one-way move- 
ment of the cutter, as shown in Figure 5, the layer of the 
surface treatment agent 30b and the impurity 30c are 
exposed to the end in a way in which they surrounds the 
section 30d. 

[0073] Therefore, when the infrared spectrum is 
measured by bringing the crystal into contact with the 
end of the section, if the surface treatment agent or im- 
purity is attached to the surface of the subject to be test- 
ed, the infrared spectrum of the surface treatment agent 
or impurity is obtained. For example, as shown in Figure 
6A, when the crystal 8 is brought into contact with the 
portion of the end of the section 30d where the impurity 
30c is exposed, the infrared spectrum of the impurity 30c 
can be obtained. Furthermore, as shown in Figure 6B, 
by shifting the position of the test piece 30 and bringing 
the crystal 8 into contact with the portion where the sur- 
face treatment agent 30b is exposed, the infrared spec- 
trum of the surface treatment agent 30b can be ob- 
tained. When the surface treatment agent or impurity is 
not attached to the surface of the subject to be tested, 
the infrared spectrum of the plastic material constituting 
the subject to be tested can be obtained. 
[0074] In other words, the infrared spectrum meas- 
ured in the end of the section will correspond to the in- 
frared spectrum of the surface treatment agent and im- 
purity when the surface treatment agent and impurity 
are attached, and the infrared spectrum measured in the 
end of the section will correspond to the infrared spec- 
trum of the known plastic when a surface treatment 
agent and impurity are not attached. 
[0075] On the other hand, as mentioned above, re- 



gardless of the surface treatment agent and impurity on 
the surface of the subject to be tested, in the central por- 
tion of the section, the plastic material constituting the 
subject to be tested is exposed. Therefore, as shown in 
5 Figure 6C, when the infrared spectrum is measured by 
bringing the crystal 8 into contact with the central portion 
of the section 30d, the infrared spectrum of the plastic 
material 30a constituting a subject to be tested can be 
obtained. 

w [0076] In this way, by measuring the infrared spec- 
trum in a plurality of places in the section, the presence 
or absence of the surface treatment agent and impurity 
attached on the surface of the test piece can be detect- 
ed. If the surface treatment agent and impurity are at- 

15 tached, the kind or attached amount thereof can be de- 
tected. 

[0077] Furthermore, for example, if the measurement 
is carried out plural times while shifting the contact por- 
tion between the test piece and the crystal from the end 
20 portion to the central portion of the section, in the case 
where a plurality of layers of surface treatment agent 
and impurity are present, it is possible to detect the com- 
ponent and attached amount for every layer. 

25 (Fourth Embodiment) 

[0078] Furthermore, in the distinguishing method ac- 
cording to the second embodiment, it is preferable that, 
in addition to a step (hereinafter, "first measurement 

30 step" will be referred to) for measuring the infrared spec- 
trum in the section of the test piece, a step (hereinafter, 
"second measurement step" will be referred to) for 
measuring the infrared spectrum in the surface other 
than the section of the test piece is carried out. 

35 [0079] The second measurement step, as shown in 
Figure 7, can be carried out by the same operation as 
mentioned above except that the test piece 30 is dis- 
posed so that the surface other than the section is 
brought into contact with the crystal 8. At this time, the 

40 contact pressure between the test piece and the crystal 
is set to be, for example, 100 MPa or less, preferably 1 
MPa to 50 MPa. 

[0080] Then, the obtained infrared spectrum of the 
test piece is compared with the spectrum of known sam- 

45 pie and the infrared spectrum corresponding to the in- 
frared spectrum of the test piece is extracted from the 
spectra of known sample. At this time, the obtained in- 
frared spectrum of the test piece will correspond to the 
infrared spectrum of the surface treatment agent and im- 

50 purity when the surface treatment agent and impurity 
are attached, and the obtained infrared spectrum will 
correspond to the infrared spectrum of the known plastic 
when a surface treatment agent and impurity are not at- 
tached. 

55 [0081] Therefore, by adding the second measure- 
ment step, the presence or absence of the surface treat- 
ment agent and impurity can be detected. If the surface 
treatment agent and impurity are attached, the kind and 
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attached amount, etc. thereof can be detected. 
[0082] Furthermore, in addition to the first and second 
measurement steps, the measurement step maybe car- 
ried out in yet another surface other than the section. 
That is, with respect to one test piece, by changing the 
surface to be measured, measurement may be carried 
out three times or more in total. 

(Fifth Embodiment) 

[0083] Next, yet another example of a method for dis- 
tinguishing plastics of the present invention will be ex- 
plained. The method in this embodiment can be carried 
out by using a plastic distinguishing apparatus same as 
in Figure 1 . 

[0084] Firstly, by operating the first robot 1 , a part of 
the plastic material 16 that is the subject to be tested is 
cut so as to prepare the test piece, and the test piece is 
disposed on the test piece stand 13. Note here that the 
steps hereto can be carried out by the same method ex- 
plained in the second embodiment. 
[0085] Then, the second robot 4 is operated, grasping 
the test piece by hands 5a and 5b attached to the tip 
thereof. Furthermore, the second robot 4 is operated 
and the test piece is disposed on the crystal 8 of the 
measurement part 10, followed by operating the test 
piece pressing mechanism 7 so as to press the test 
piece onto the crystal 8. 

[0086] At this time, as shown in Figure 8A, the test 
piece is disposed on the crystal 8 so that the surface 
other than the section is brought into contact with the 
crystal 8. By operating the test piece pressing mecha- 
nism in this state, the test piece 30 can be pressed by 
the pressing rod 7b and the surface other than the sec- 
tion of the test piece 30 can be brought into contact with 
the crystal 8. 

[0087] Subsequently, as shown in Figure 8B, by op- 
erating the test piece pressing mechanism, pressure is 
applied to the test piece 30 by the pressing rod 7b, thus 
increasing the contact pressure between the test piece 
30 and the crystal 8. Thus, in the portion of the test piece 
30 where the crystal 8 is brought into contact, a concave 
portion 30e is formed. Note here that the contact pres- 
sure between the test piece 30 and the crystal 8 is not 
particularly limited but it is, for example, 50 MPa to 500 
MPa, and preferably 100 MPa to 300 MPa. 
[0088] Subsequently, in Ihemeasurement part 1 0, in- 
frared spectrum of the test piece is obtained. At this time, 
since the concave potion 30e is formed in the portion of 
the test piece 30 where the crystal 8 is brought into con- 
tact, the measurement of the infrared spectrum is car- 
ried out with respect to the inside surface of the concave 
portion 30e. Next, in the distinguishing part 11, the ob- 
tained infrared spectrum of the test piece is compared 
with the infrared spectrum of the known plastic, thus dis- 
tinguishing a kind of plastics constituting the test piece. 
Note here that this measurement step. and the distin- 
guishing step can be carried out similar to the method 
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explained in the embodiment 2. 

[0089] As mentioned above, in the above-mentioned 
method, by setting the contact pressure between the 
crystal and the test piece to relatively large, the concave 

5 portion is formed on the su rface of the test piece. Then , 
in a state in which the crystal is brought into contact with 
the inside surface of the concave portion, the infrared 
spectrum is measured. In this way, by applying pressure 
to the surface of the test piece to form a concave portion , 

10 even if the surface treatment agent and impurity are at- 
tached to the surface of the subject to be tested, in the 
internal surface of the concave portion, the layer of the 
surface treatment agent and impurity is thinned or re- 
moved by being pushed away. Thereof, by measuring 

is the infrared spectrum in the concave portion, it is pos- 
sible to distinguish the kind of plastic constituting the 
subject to be tested exactly without much influence of 
the surface treatment agent and impurity. Furthermore, 
with respect to the test piece, particular pretreatment 

20 (shaving, etc.) for removing the surface treatment agent 
and impurity is not necessary. 

[0090] Furthermore, in the distinguishing method ac- 
cording to this embodiment, as mentioned above, it is 
preferable that, in addition to the step (hereinafter, "first 

25 measurement step" will be referred to) for measuring an 
infrared spectrum in a state in which the contact pres- 
sure between the test piece and the crystal is set to be 
relatively large and a concave portion is formed on the 
surface of the test piece, a step (hereinafter "second 

30 measurement step" will be referred to) for measuring the 
infrared spectrum is measured in a state in which the 
contact pressure between the test piece and the crystal 
is made to be smaller than in the first measurement step. 
[0091 ] This second measurement step can be carried 

35 out by the same operation as mentioned above except 
that the contact pressure between the test piece and the 
crystal is made to be small. At this time, the contact pres- 
sure between the test piece and the crystal is set to be 
smaller than that in the first measurement step. Thecon- 
tact pressure is set to the extent that the surface treat- 
ment agent and impurity are not completely removed by 
being pushed away when the surface treatment agent 
and the impurity are attached to the surface of the test 
piece, that is, to the extent that a concave portion is not 

45 formed on the surface of the test piece. An example of 
such a contact pressure is, for example 50 MPa or less, 
and preferably, 1 MPa to 30 MPa. 
[0092] Then, the obtained infrared spectrum of the 
test piece is compared with the spectrum of known sam- 

so pies and the infrared spectrum corresponding to the in- 
frared spectrum of the test piece is extracted from the 
spectra of known samples. At this time, the obtained in- 
frared spectrum of the test piece will correspond to the 
infrared spectrum of the surface treatment agent and im- 

55 purity when the surface treatment agent and impurity 
are attached, and the obtained infrared spectrum will 
correspond to the infrared spectrum of the known plastic 
when a surface treatment agent and impurity are not at- 
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tached. 

[0093] Therefore, by adding the second measure- 
ment step, the presence or absence of the surface treat- 
ment agent and impurity can be detected. If the surface 
treatment agent and impurity are attached, a kind or at- 
tached amount thereof can be detected. 
[0094] Note here that the second measurement step 
is usually carried out prior to the first measurement step. 
[0095] Furthermore, in addition to the first and second 
measurement steps, the measurement step may be car- 
ried out in which the contact pressure between the test 
piece and the crystal is varied may be added. That is, 
the measurement may be carried out three times or 
more in total while varying the contact pressure between 
the test piece and the crystal with respect to one test 
piece. 

(Sixth Embodiment) 

[0096] Next, another example of the plastic distin- 
guishing apparatus of the present invention will be ex- 
plained. 

[0097] Similar to the first embodiment, this apparatus 
includes a cutting part 1 , a holding part 4, a measure- 
ment part 10 and a distinguishing part 11 . This appara- 
tus further includes a processing part for forming a con- 
cave portion by applying pressure to the surface of the 
test piece. The structure of the processing part is not 
particularly limited, for example, a structure including a 
press stand on which a test piece is disposed, a pad for 
applying pressure to the test piece, and a press mech- 
anism for moving the pad can be employed. Further- 
more, it is preferable that the processing part can control 
the pressure applied to the test piece freely. 
[0098] The apparatus according to this embodiment 
can have substantially the same structure as explained 
in the first embodiment except that the processing part 
is provided. 

[0099] Next, an example of a plastic distinguishing 
method according to this embodiment will be explained. 
[0100] Note here that the explanation below is the 
same as in the case where the method of this embodi- 
ment carried out by using the apparatus having the 
same configuration shown in Figure 1 except that a 
processing part as mentioned above is provided and 
that the second robot carries the test piece on the test 
piece stand to the processirjg part and further carries 
the processed test piece to the measurement part. 
[0101] Firstly, by operating the first robot, a part of the 
plastic material that is the subject to be tested is cut and 
the test piece is prepared, and this test piece is disposed 
on the test piece stand. Note here that the steps hereto 
can be carried out by the same method as explained in 
the second embodiment. 

[0102] Then, the second robot is operated, grasping 
the test piece by the hand attached to the tip thereof and 
carrying it to the processing part. Next, as shown in Fig- 
ure 9A, the press mechanism of the processing part is 



operated and the pad 41 is pressed onto the surface of 
the test piece 30. Thereby, as shown in Figure 9B, the 
concave portion 30e is formed on the surface of the test 
piece 30. Herein, the surface of the test piece is a sur- 

5 face other than the section formed for preparing the test 
piece. At this time, the pressure applied to the test piece 
is, for example, 100 MPa to 1000 MPa, and preferably 
200 MPa to 500 MPa. The shape and the size of the 
concave portion is not particularly limited insofar as the 

10 crystal of the measurement part can be brought into con- 
tact with the inside surface of the concave portion. Note 
here that in Figures 9A and 9B, reference numeral 42 
denotes a press stand. 

[0103] Subsequently, the second robot is operated 
15 and the test piece is disposed on the crystal of the meas- 
urement part and then the test piece pressing mecha- 
nism is operated, pressing the test piece to the crystal. 
[0104] At this time, as shown in Figure 9C, the test 
piece 30 is disposed on the crystal 8 so that the inside 
20 surface of the concave portion 30e formed in the 
processing part is brought into contact with the crystal 
8. By operating the test piece pressing mechanism in 
this state, the test piece 30 is pressed with the pressing 
rod 7b and the inside surface of the concave portion 30e 
25 of the test piece 30 can be brought into dose contact 
with the crystal 8. 

[01 05] Subsequently, in the measurement part, the in- 
frared spectrum of the test piece is obtained; and the 
obtained infrared spectrum of the test piece is compared 

30 with the infrared spectrum of the known plastic, thereby 
distinguishing the kind of plastic constituting the test 
piece. Note here that this measurement step and the 
distinguishing step can be carried out by the same meth- 
od as explained in the embodiment 2. 

35 [0106] As mentioned above, in the above-mentioned 
method, by forming a concave portion by the press proc- 
ess on the surface of the test piece and bringing the 
crystal into contact with the inside surface of the con- 
cave portion, the infrared spectrum is measured. As in 

40 the method of the fourth embodiment, even if the surface 
treatment agent and impurity are attached to the surface 
of the subject to be tested, in the internal surface of the 
concave portion, the layer of the surface treatment 
agent and impurity is thinned or removed by being 

45 pushed away. Therefore, by measuring the infrared 
spectrum inside the surface of the concave portion, it is 
possible to distinguish the kind of plastic constituting the 
subject to be tested exactly. Furthermore, particular pre- 
treatment (shaving, etc.) for removing the surface treat- 

50 ment agent and impurity is not necessary. 

[0107] Furthermore, in the distinguishing method ac- 
cording to this embodiment, it is preferable that, in ad- 
dition to the step (hereinafter, "first measurement step" 
will be referred to) in which a concave portion is formed 
55 on the test piece in the processing part and the infrared 
spectrum of the inside surface of the concave portion is 
measured, a step (herein after "second measurement 
step" will be referred to) for measuring the infrared spec- 
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trum in the portion of the test piece where the concave 
portion is hot formed is carried out. 
[01 08] This second measurement step can be carried 
out by the same operation as mentioned above except 
that the contact portion between the test piece and the 
crystal is a portion otherthan the concave portion. Then, 
the obtained infrared spectrum of the test piece is com- 
pared with the spectrum of known sample. At this time, 
the obtained infrared spectrum of the test piece will cor- 
respond to the infrared spectrum of the surface treat- 
ment agent and impurity when the surface treatment 
agent and impurity are attached, and the obtained infra- 
red spectrum will correspond to the infrared spectrum 
of the known plastic when a surface treatment agent and 
impurity are not attached. 

[0109] Therefore, by adding the second measure- 
ment step, the presence or absence of the surface treat- 
ment agent and impurity can be detected. If the surface 
treatment agent and impurity are attached, the kind or 
attached amount thereof can be detected. 
[0110] Furthermore, as another embodiment of the 
second measurement step of this embodiment, prior to 
forming the concave portion in the processing part, a 
step for measuring the infrared spectrum of the surface 
of the test piece may be carried out. 
[0111] Furthermore, as another embodiment of the 
second measurement step of this embodiment, a step 
of applying pressure smaller than that of the first meas- 
urement step in the processing part and measuring the 
infrared spectrum in the portion where this pressure is 
applied may be carried out. In this case, in the second 
measurement step, the pressure applied to the test 
piece is set to the extent that the surface treatment agent 
and impurity are not completely removed by being 
pushed away when the surface treatment agent and the 
impurity are attached to the surface of the test piece, 
further to the extent that a concave portion is not formed 
on the surface of the test piece. An example of the pres- 
sure is, for example 50 MPa or less, and preferably, 1 
MPa to 30 MPa. Furthermore, this second measure- 
ment step usually is carried out prior to the first meas- 
urement step. 

[0112] Furthermore, by combining a plurality of em- 
bodiments as mentioned above in the second measure- 
ment step, the measurement is carried out three times 
or more in total with respect to one test piece. 

INDUSTRIAL APPLICABILITY 

[01 1 3] As mentioned above, according to the present 
invention, it is possible to distinguish plastic materials 
speedily and simply with high precision. Furthermore, 
according to the preferable embodiment of the present 
invention, it is possible to detect not only the kind of plas- 
tic material but also the presence or absence of the sur- 
face treatment agent attached to the surface of the plas- 
tic and the kind and attachment amount thereof. 
[01 1 4] Thus, since it is possible to distinguish plastics 



speedily and simply with high precision, for example, by 
incorporating the method of the present invention into 
the processing step of recycling waste plastics con- 
tained in used household electrical appliances or auto- 

5 mobiles, it is possible to promote recycling of plastic ma- 
terials efficiently. Furthermore, when plastic materials 
are recycled, if surface treatment agent and impurity at- 
tached to the plastic materials can be detected, it is pos- 
sible to select the suitable method for removing surface 

10 treatment agents and impurity based on the detection 
results, thus promoting the recycling more efficiently. 

Claims 

15 

1 . A method for distinguishing plastics, comprising: 

preparing a test piece of a plastic material; 
measuring an infrared spectrum of the test 
20 piece by attenuated total reflection spectrosco- 

py; and 

comparing the obtained infrared spectrum with 
an infrared spectrum of a known plastic, there- 
by distinguishing a kind of plastic materials, 

25 

wherein the test piece has a section and the 
infrared spectrum of the test piece is measured by 
bringing a crystal for attenuated total reflection 
spectroscopy into contact with the section of the test 
30 piece. 

2. The method for distinguishing plastics according to 
claim 1 , wherein at least a part of the surface of the 
crystal is spherical and this spherical part is brought 

35 into contact with the test piece. 

3. The method for distinguishing plastics according to 
claim 1 , wherein the test piece is prepared by cut- 
ting the plastic material by one selected from the 

40 group consisting of a punching machine, a shearing 
machine and a band saw machine. 

4. The method for distinguishing plastics according to 
claim 1 , wherein the infrared spectrum of the test 

45 piece is measured by bringing the crystal into con- 
tact with a part of the section corresponding to the 
inside portion of the plastic material and with a part 
of the section corresponding to the surface portion 
of the plastic material, 

50 

the infrared spectrum obtained in the part cor- 
responding to the inside portion of the plastic 
material is compared with the infrared spectrum 
of the known plastic, thereby distinguishing a 
55 kind of plastic constituting the test piece, and 

the infrared spectrum obtained in the part cor- 
responding to the surface portion of the plastic 
material is compared with the infrared spectrum 
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of the known plastic, surface treatment agent 
and impurity, thereby detecting the surface 
treatment agent and impurity attached to the 
test piece. 

5. The method for distinguishing plastics according to 
claim 1, wherein the infrared spectrum of the test 
piece is measured by bringing the crystal into con- 
tact with the section of the test piece and with a part 
of the test piece other than the section, 

the infrared spectrum obtained in the section is 
compared with the infrared spectrum of the 
known plastic, thereby distinguishing a kind of 
plastic constituting the test piece, and 
the infrared spectrum obtained in the part other 
than the section is compared with the infrared 
spectrum of the known plastic, surface treat- 
ment agent and impurity, thereby detecting the 
surface treatment agent and impurity attached 
to the test piece. 

6. The method for distinguishing plastics according to 
claim 1 , wherein the plastic material is a waste plas- 
tic. 

7. An apparatus for distinguishing plastics, compris- 
ing: 

a measurement part for measuring an infrared 
spectrum of a test piece of a plastic material by 
attenuated total reflection spectroscopy, the 
measurement part comprising a crystal for at- 
tenuated total reflection spectroscopy and an 
infrared spectrometer, 

a holding part for holding the test piece in a 
state in which the test piece is brought into con- 
tact with the crystal, and 
a distinguishing part for comparing the infrared 
spectrum of the test piece with an infrared spec- 
trum of a known plastic, 

wherein the holding part holds the test piece 
having a section in a state in which this section is 
brought into contact with the crystal. 

8. The plastic distinguishing apparatus according to 
claim 7, wherein at least a part of the surface of the 
crystal is spherical and this spherical part is brought 
into contact with the test piece. 

9. The plastic distinguishing apparatus according to 
claim 7, further comprising a cutting part for prepar- 
ing the test piece by cutting the plastic material. 

10. The plastic distinguishing apparatus according to 
claim 9, wherein the cutting part comprises one se- 
lected from the group consisting of a punching ma- 



chine, a shearing machine and a band saw ma- 
chine. 

11. The plastic distinguishing apparatus according to 
5 claim 7, wherein the holding part holds the test 

piece in a state in which a part of the section corre- 
sponding to the inside portion of the plastic material 
is brought into contact with the crystal and in a state 
in which a part of the section corresponding to the 
surface portion of the plastic material is brought into 
contact with the crystal; 

the measurement part measures an infrared 
spectrum of the test piece in the part corre- 
sponding to the inside portion of the plastic ma- 
terial and in the part corresponding to the sur- 
face portion of the plastic material; 
the distinguishing part compares the infrared 
spectrum obtained in the part corresponding to 
the inside portion of the plastic material with the 
infrared spectrum of the known plastic, thereby 
distinguishing a kind of plastic constituting the 
test piece, and compares the infrared spectrum 
obtained in the part corresponding to the sur- 
face portion of the plastic material with the in- 
frared spectrum of the known plastic, surface 
treatment agent and impurity, thereby detecting 
the surface treatment agent and impurity at- 
tached to the test piece. 

12. The plastic distinguishing apparatus according to 
claim 7, wherein the holding part holds the test 
piece in a state in which the section of the test piece 
is brought into contact with the crystal and in a state 
in which a part of the test piece other than the sec- 
tion is brought into contact with the crystal; 

the measurement part measures the infrared 
spectrum of the test piece in the section and in 
the part other than the section; 
the distinguishing part compares the infrared 
spectrum obtained in the section with the infra- 
red spectrum of the known plastic, thereby dis- 
tinguishing a kind of plastic constituting the test 
piece, and compares the infrared spectrum ob- 
tained in the part other than the section with the 
infrared spectrum of the known plastic, surface 
treatment agent and impurity, thereby detecting 
the surface treatment agent and impurity at- 
tached to the test piece. 

13. A method for distinguishing plastics, comprising: 
preparing a test piece of a plastic material, meas- 
uring an infrared spectrum of the test piece by at- 

55 tenuated total reflection spectroscopy, and compar- 
ing the obtained infrared spectrum with an infrared 
spectrum of a known plastic, thereby distinguishing 
a kind of plastic material, 
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wherein the infrared spectrum of the test 
piece is measured by applying pressure to the sur- 
face of the test piece, forming a concave portion on 
the surface of the test piece applied pressure and 
bringing the concave portion into contact with the 
crystal for attenuated total reflection spectroscopy. 

14. The method for distinguishing plastics according to 
claim 13, wherein at least a part of the surface of 
the crystal is spherical and this spherical part is 
brought into contact with the test piece. 

1 5. The method for distinguishing plastics according to 
claim 13, wherein the infrared spectrum of the test 
piece is measured by bringing the crystal into con- 
tact with the concave portion of the test piece and 
with a part of the test piece in which the concave 
portion is not formed, 

the infrared spectrum obtained in the concave 
portion is compared with the infrared spectrum 
of the known plastic, thereby distinguishing a 
kind of plastic constituting the test piece; and 
the infrared spectrum obtained in the part in 
which the concave portion is not formed is com- 
pared with the infrared spectrum of the known 
plastic, surface treatment agent and impurity, 
thereby detecting the surface treatment agent 
and impurity attached to the test piece. 

1 6. The method for distinguishing plastics according to 
claim 13, wherein the plastic material is a waste 
plastic. 

17. An apparatus for distinguishing plastics, compris- 
ing: 

a processing part for forming a concave portion 
on a surface of a test piece of a plastic material 
by applying pressure to the surface of the test 
piece; 

a measurement part for measuring an infrared 
spectrum of the test piece by attenuated total 
reflection spectroscopy, the measurement part 
comprising a crystal for attenuated total reflec- 
tion spectroscopy and an infrared spectrome- 
ter, 

a holding part for holding the test piece in a 
state in which the test piece is brought into con- 
tact with the crystal, and 
a distinguishing part for comparing the infrared 
spectrum of the test piece and an infrared spec- 
trum of a known plastic, 



18. The plastic distinguishing apparatus according to 
claim 17, wherein at least a part of the surface of 
the crystal is spherical and this spherical part is 
brought into contact with the test piece. 

5 

19. The plastic distinguishing apparatus according to 
claim 17, wherein the holding part holds the test 
piece in a state in which the crystal is brought into 
contact with the concave portion of the test piece 

10 and in a state in which the crystal is brought into 
contact with a part of the test piece in which the con- 
cave portion is not formed; 

the measurement part measures an infrared 
15 spectrum of the test piece in the concave por- 

tion and the part in which the concave portion 
is not formed; 

the distinguishing part compares the infrared 
spectrum measured in the concave portion with 
20 the infrared spectrum of the known plastic, 

thereby distinguishing a kind of plastic consti- 
tuting the test piece, and compares the infrared 
spectrum measured in the part in which the 
concave portion is not formed with the infrared 
25 spectrum of the known plastic, surface treat- 

ment agent and impurity, thereby detecting the 
surface treatment agent and impurity attached 
to the test piece. 

30 20. A method for distinguishing plastics, comprising: 

preparing a test piece of a plastic material, 
measuring an infrared spectrum of the test 
piece by attenuated total reflection spectrosco- 
35 py, and comparing the obtained infrared spec- 

trum with an infrared spectrum of a known plas- 
tic, thereby distinguishing a kind of plastic ma- 
terial, 

40 wherein the infrared spectrum of the test 

piece is measured in a state in which a crystal for 
attenuated total reflection spectroscopy is brought 
into contact with the test piece, and a concave por- 
tion is formed in a part of the test piece in contact 
45 with the crystal by the contact pressure between the 
test piece and the crystal. 

21. The method for distinguishing plastics according to 
claim 20, wherein at least a part of the surface of 

50 the crystal is spherical and the spherical part is 

brought into contact with the test piece. 

22. The method for distinguishing plastics according to 
claim 20, wherein the infrared spectrum of the test 
piece is measured in a state in which the concave 
portion is formed in the part of the test piece being 
in contact with the crystal and in a state in which the 
concave portion is not formed in the part of the test 



wherein the holding part holds the test piece 55 
in a state in which the crystal is brought into contact 
with the concave portion formed in the processing 
portion. 
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piece being in contact with the crystal, 

the infrared spectrum obtained in a state in 
which the concave portion is formed is com- 
pared with the infrared spectrum of the known 
plastic, thereby distinguishing a kind of plastic 
constituting the test piece, and 
the infrared spectrum obtained in a state in 
which the concave portion is not formed with 
the infrared spectrum of the known plastic, sur- 
face treatment agent and impurity, thereby de- 
tecting the surface treatment agent and impu- 
rity attached to the test piece. 

23. The method for distinguishing plastics according to 
claim 20, wherein the plastic material is a waste 
plastic. 

24. An apparatus for distinguishing plastics, compris- 
ing: 

a measurement part for measuring an infrared 
spectrum of a test piece of a plastic material by 
attenuated total reflection spectroscopy, the 
measurement part comprising a crystal for at- 
tenuated total reflection spectroscopy and an 
infrared spectrometer, 

a holding part for holding the test piece in a 
state in which the test piece is brought into con- 
tact with the crystal, 

a contact pressure control part for controlling 
the contact pressure between the test piece 
and the crystal, and 

a distinguishing part for comparing the infrared 
spectrum of the test piece with an infrared spec- 
trum of a known plastic, 
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the concave portion is formed and in a state in 
which the concave portion is not formed, 
the distinguishing part compares the infrared 
spectrum measured in a state in which the con- 
cave portion is formed with the infrared spec- 
trum of the known plastic, thereby distinguish- 
ing a kind of plastic constituting the test piece; 
and compares the infrared spectrum measured 
in a state in which the concave portion is not 
formed with the infrared spectrum of the known 
plastic, surface treatment agent and impurity, 
thereby detecting the surface treatment agent 
and impurity attached to the test piece. 



wherein the contact pressure control part con- 
trols the contact pressure between the test piece 
and the crystal to be such a pressure that a concave *o 
portion is formed in a part of the test piece being in 
contact with the crystal. 



25. The plastic distinguishing apparatus according to 
claim 24, wherein at least a part of the surface of 
the crystal is spherical and this spherical part is 
brought into contact witfj the test piece. 



26. The plastic distinguishing apparatus according to 
claim 24, wherein the contact pressure control part 
controls the contact pressure to be such a pressure 
that the concave portion is formed in the part of the 
test piece being in contact with the crystal and to be 
such a pressure that the concave portion is not 
formed, 

the measurement part measures an infrared 
spectrum of the test piece in a state in which 
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